











































































































学校编码：10384                               分类号      密级       
学号：20520101151561                                      UDC        
 
 
硕  士  学  位  论  文 
核壳型纳米材料的合成及其在催化和表面
增强拉曼光谱中的应用 
The Synthesis of Core-Shell Nanomaterials and Their 





指导教师姓名： 郑南峰 教授 
 专 业 名 称： 无机化学 
论文提交日期： 2013年 06月 
论文答辩日期： 2013年 06月 




答辩委员会主席：           
评    阅    人：           
 
 

















The Synthesis of Core-Shell Nanomaterials and Their 




A Dissertation Submitted to the Graduate School in Partial Fulfillment of 

































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的






























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















摘要 ............................................................................................................. I 
Abstract ................................................................................................... III 
第一章 绪论 .............................................................................................. 1 
1.1 引言 .................................................................................................................... 1 
1.2 核壳型纳米材料的合成策略 ............................................................................ 2 
1.2.1 以致密 SiO2 为壳层的纳米材料的合成策略 ............................................ 2 
1.2.2 以介孔 SiO2 为壳层的纳米材料的合成策略 ............................................ 3 
1.2.3 含有较大介孔通道的 SiO2 壳层的合成策略 ............................................ 5 
1.3 核壳型纳米材料在催化中的应用研究 ............................................................ 6 
1.3.1 核壳型纳米材料在稳定贵金属纳米催化剂中的应用.............................. 6 
1.3.2 具有催化活性的硅基介孔壳层材料的制备............................................ 10 
1.3.3 核壳型纳米催化剂在尺寸选择性催化中的应用.................................... 11 
1.4 核壳型纳米材料在表面增强拉曼光谱中的应用 .......................................... 13 
1.4.1 表面增强拉曼光谱技术的发展................................................................ 13 
1.4.2 具有表面增强拉曼光谱活性的核壳型纳米材料的发展........................ 14 
1.5 本论文选题依据及研究内容 .......................................................................... 16 
参 考 文 献 ........................................................................................................... 17 
第二章 包钯纳米颗粒的中空介孔硅铝酸盐纳米球的合成及其在催化
中的应用 .................................................................................................. 29 
2.1 前言 .................................................................................................................. 29 
2.2 实验部分 .......................................................................................................... 30 




















2.3 结果与讨论部分 .............................................................................................. 36 
2.3.1 Pd@HMAN 催化剂的合成策略 ............................................................... 36 
2.3.2 Pd@HMAN 催化剂的表征 ....................................................................... 38 
2.3.3 Pd@HMAN 催化剂的稳定性研究 ........................................................... 41 
2.3.4 Pd@HMAN 催化剂在多步催化反应中的应用研究 ............................... 43 
2.3.5 Pd@HMAN 催化剂在 CO 氧化中的性能研究 ........................................ 46 
2.3.6 热处理的 Pd@HMAN 催化剂的尺寸选择性氢化性能研究 ................. 47 
2.3.7 使用 Brij56-环己烷-水反相胶束体系进行其他核壳型纳米材料的合成
.............................................................................................................................. 49 
2.4 本章小结 .......................................................................................................... 49 
参 考 文 献 ........................................................................................................... 51 
第三章 具有较大介孔通道的空心二氧化硅亚微米球的制备 ............ 55 
3.1 前言 .................................................................................................................. 55 
3.2 实验部分 .......................................................................................................... 56 
3.2.1 试剂及仪器................................................................................................ 56 
3.2.2 具有较大介孔通道的空心 SiO2 亚微米球的制备 .................................. 57 
3.2.3 具有较大介孔通道的空心 SiO2 亚微米球的表征 .................................. 58 
3.3 实验结果与讨论 .............................................................................................. 58 
3.3.1 具有较大介孔通道的空心 SiO2 亚微米球的合成策略 .......................... 58 
3.3.2 合成结果表征............................................................................................ 59 
3.3.3 产物结构的影响因素................................................................................ 62 
3.4 本章小结 .......................................................................................................... 63 
参 考 文 献 ........................................................................................................... 64 
第四章 具有表面增强拉曼光谱活性的核壳型纳米材料的合成与应用
 ................................................................................................................... 66 
4.1 前言 .................................................................................................................. 66 
4.2 实验部分 .......................................................................................................... 67 
4.2.1 试剂及仪器................................................................................................ 67 
4.2.2 核壳型 Au 基、Ag 基纳米颗粒的合成及其在 SERS 中的应用 ........... 68 
4.3 实验结果与讨论 .............................................................................................. 69 















4.3.2 所合成的核壳型纳米材料的 SERS 效应表征 ........................................ 72 
4.4 本章小结 .......................................................................................................... 76 
参 考 文 献 ........................................................................................................... 77 
第五章 全文总结与展望 ........................................................................ 80 
5.1 研究内容总结 .................................................................................................. 80 
5.2 展望 .................................................................................................................. 80 
附 录：攻读硕士学位期间发表的论文及专利 .................................... 82 














Table of contents 
iv 
Table of contents 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................ III 
Chapter 1 Introduction ............................................................................ 1 
1.1 Introduction ........................................................................................................ 1 
1.2 Synthetic methods of core-shell nanomaterials ............................................... 2 
1.2.1 Synthetic methods of solid silica-based shell  ............................................. 2 
1.2.2 Synthetic methods of mesoporous silica-based shell .................................... 3 
1.2.3 Synthetic methods of silica-based shell with enlarged mesopores ............... 5 
1.3 The application of core-shell nanomaterials in catalysis ................................ 6 
1.3.1 The application of core-shell nanomaterials in stabilization of noble metal 
nanocatalysts .......................................................................................................... 6 
1.3.2 The development of mesoporous silica-based shell with catalyticly active 
sites ...................................................................................................................... 10 
1.3.3 The application of core-shell nanocatalysts in size-selective catalysis ...... 11 
1.4 The application of core-shell nanomaterials in Surface Enhanced Raman 
Spectroscopy (SERS) ............................................................................................. 13 
1.4.1 The development of SERS .......................................................................... 13 
1.4.2 The development of SERS-active core-shell nanomaterials ....................... 14 
1.5 Objectives and contents of this thesis ............................................................. 16 
References ............................................................................................................... 17 
Chapter 2 The synthesis and catalytic application of Pd nanoparticles 
encapsulated in hollow mesoporous aluminosilica nanospheres ........ 29 
2.1 Introduction ...................................................................................................... 29 
2.2 Experiments ...................................................................................................... 30 
2.2.1 Reagents and instruments. .......................................................................... 30 
2.2.2 Synthesis of Pd@HMAN ............................................................................ 32 
2.2.3 Characterizations of Pd@HMAN ............................................................... 33 













Table of contents 
v 
2.3 Results and discussion ..................................................................................... 36 
2.3.1 Synthetic strategy for Pd@HMAN ............................................................. 36 
2.3.2 Characterizations of Pd@HMAN ............................................................... 38 
2.3.3 Thermal stability of Pd@HMAN ................................................................ 41 
2.3.4 The study on Pd@HMAN applied in multistep catalysis ........................... 43 
2.3.5 The application of Pd@HMAN in oxidation of CO ................................... 46 
2.3.6 The application of thermally treated Pd@HMAN in size-selective catalysis
.............................................................................................................................. 47 
2.3.7 The synthesis of other core-shell nanocomposites in reverse micelles....... 49 
2.4 Summary ........................................................................................................... 49 
References ............................................................................................................... 51 
Chapter 3 The synthesis of hollow silica submicrospheres with 
enlarged mesopores ................................................................................. 55 
3.1 Introduction ...................................................................................................... 55 
3.2 Experiments ...................................................................................................... 56 
3.2.1 Reagents and instruments. .......................................................................... 56 
3.2.2 Synthesis of hollow silica submicrospheres with enlarged mesopores ...... 57 
3.2.3 Characterizations of hollow silica submicrospheres with enlarged 
mesopores ............................................................................................................ 58 
3.3 Results and discussion ..................................................................................... 58 
3.3.1 Synthetic strategy for hollow silica submicrospheres with enlarged 
mesopores ............................................................................................................ 58 
3.3.2 Characterizations of the as-prepared nanomaterials ................................... 59 
3.3.3 Factors that influence the structure of products .......................................... 62 
3.4 Summary ........................................................................................................... 63 
References ............................................................................................................... 64 
Chapter 4 The synthesis and application of SERS-active core-shell 
nanomaterials .......................................................................................... 66 
4.1 Introduction ...................................................................................................... 66 
4.2 Experiments ...................................................................................................... 67 
4.2.1 Reagents and instruments. .......................................................................... 67 
4.2.2 Synthesis of Au or Ag-based core-shell nanoparticles ............................... 68 













Table of contents 
vi 
4.3.1 Characterizations of the as-prepared nanomaterials ................................... 69 
4.3.2 Tests of SERS effect of the as-prepared nanomaterials .............................. 72 
4.4 Summary ........................................................................................................... 76 
References ............................................................................................................... 77 
Chapter 5 Summary and outlook .......................................................... 80 
5.1 Summary ........................................................................................................... 80 
5.2 Outlook.............................................................................................................. 80 
Appendix: Publications during M. Sc. study ....................................... 82 

































纳米颗粒和 Lewis 酸性位点)，并研究了其催化活性和稳定性。合成上，包裹 Pd
纳米颗粒的中空介孔硅铝酸盐纳米球(Pd@HMAN)催化剂的制备是通过选择性
刻蚀反相胶束法合成的核壳型实心 Pd@SiO2 纳米颗粒实现的。所制备的




刻蚀的方法制备了中空介孔 SiO2 亚微米球。研究表明，所制备的中空 SiO2 亚微
米球的多孔壳层的孔径可达 15nm。 
第四章：制备了核壳型 Au@酚醛树脂(RF)、Ag@RF 和 Ag@SiO2 纳米材料，



































Core-shell nanomaterials have attracted much attention of scientists in the past 
two decades. Since both core and shell can be designed individually, core-shell 
nanomaterial can easily display multifunctionalities, which are important for many 
applications. For example, how to stabilize noble metal nanocatalyst is a challenging 
issue. The synthesis of core-shell nanocatalysts with a noble metal nanocomposite 
encapsulated in porous shell has been developed as an effective way to enhance 
stability of noble metal nanocatalysts. Furthermore, core-shell nanostructures have 
nicely extended the kinds of active substrates for Surface Enhanced Raman 
Spectroscopy (SERS) and thus create new opportunities in Raman Spectroscopy. This 
dissertation focuses on the design and synthesis of new core-shell nanocomposites 
and their applications in catalysis and SERS. The main contents of this thesis are as 
follows: 
Chapter 1 briefly reviews the recent development of core-shell nanomaterials and 
their applications in catalysis and SERS. Following the background introduction, the 
objective and outline of this thesis are described. 
Chapter 2 discusses a facile route to prepare hollow core-shell structured 
aluminosilcate Pd@HMAN and their catalytic applications. The synthesis of 
Pd@HMAN catalyst was achieved by selective etching uniform Pd@SiO2 core-shell 
nanospheres which were pre-made by a reverse micelle method. The as-prepared 
Pd@HMAN readily served as a multifunctional catalyst and exhibited high catalytic 
performances and recyclability in two-step reaction sequences for the synthesis of 
benzimidazole derivatives. Moreover, the thermally treated Pd@HMAN was found 
able to function as an effective catalyst in size-selective hydrogenation due to the 
contracted pore size. 
Chapter 3 describes the synthesis of hollow SiO2 submicrospheres with enlarged 















prepared by a hydrothermal treatment followed by an alkaline selective etching 
process. The pore size in the porous shells of the as-prepared hollow mesoporous SiO2 
spheres were about 15 nm. 
Chapter 4 describes the synthesis of core-shell structured Au@RF, Ag@RF and 
Ag@SiO2 nanomaterials. The as-obtained materials exhibited good SERS activity and 
stability. 
Chapter 5 presents conclusions and prospects of future work on the applications 
of core-shell nanomaterials in catalysis and SERS. 
 
Keywords ： core-shell nanomaterials; mesoporous channel; catalysis; surface 
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